A n to n io G . G o n z á lez, Jaim e Berm ejo B arrera, Elsa M a R o d ríguez Pérez C en tro de P ro d u cto s N atu rales O rgänicos A n to n io G onzalez, C onsejo S uperior de Investigaciones C ientificas C a rrete ra La E speranza 2, La L aguna, 38206 Tenerife, C an ary Islands, Spain and C onsuelo E. H e rn á ndez P a d ró n D ep artam en to de B otänica, F acu ltad de F arm acia, U niversidad de La L aguna, Tenerife, C an ary Islands, Spain Z. N atu rfo rsch . 46c, 1 2 -1 8 (1991); received A ugust 27/O ctober 18, 1990 Cladina m acaronesica, C ladoniaceae, T riterpenes, Phenols, S tructural D eterm ination C olum n ch ro m a to g rap h y o f the acetone ex tract o f the lichen Cladina macaronesica (Sephadex LH -20, silica gel and silver n itrate-im p reg n ated silica gel) afforded eight triterpenes identified by chem ical an d spectral m eans. a-A m yrenone, lupenone, tarax ero l, tarax ero n e an d /so-arborinol acetate were isolated for the first tim e from lichens and (-)-u s n ic acid an d five m ono n u clear phenolic c o m p o u n d s were also o b tain ed , four for the first tim e as n atu ra l p ro d ucts. T he possible tran sfo rm a tio n o f p erlatolic acid in to these phenolic c o m p o u n d s is briefly outlined.
Introduction
Cladina macaronesica (A hti) Follm . & H ern.-Padr. (C ladoniaceae Z enker, L ecanorales N an nf.) [1] is an interesting lichen species, arb o rifo rm , ro bust, greenish-to greyish-yellow in colour, w hich grow s in m ore o r less dense pads 6 -8 cm high. It has a very ram ified stalk w ith p red o m in an tly dicho to m o u s hollow ram ifications. T he lichen is com m only found in the C an ary Islands in the undergrow th o f green m o u n tain -to p s (evergreen w oods) and on the b anks o f the ro ad s and tracks surro u n d in g these areas and often characterizes the bryolichenous terricole com m unities o f these soils seen best in clearings an d o th er exposed hill side sites. Cladina macaronesica is native to the M acaronesia an d is found in the A zores, M adeira and the C an ary Islands o f Tenerife, G ra n C an aria, G om era, H ierro an d Palm a.
As 
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Isolation and structure determination o f the triterpenes
M ost o f the triterpenes isolated from lichens are pentacyclic hopane derivatives [2] such as zeorin know n to be the com m onest lichen triterpene. E x ceptionally, dam m arane-type triterpenes are also found, such as diacetylpyxinol, a stictane-type tri terpene, and the following pentacyclic triterpenes with oleanane, ursane and lupane skeletons: friedelin, isolated from the lichens Alectoria ochroleuca, Cetraria curcullata, Stereocaulum paschale and Cetraria nivalis [3, 4] , taraxerene, isolated from Cladonia deformis [5] , ursolic acid isolated from the lichens Cladonia arbusculata, Cladonia im pexa and Cetraria nivalis, and a-am yrin, lupeol and cerin obtained from the lichen Cetraria nivalis [6, 7] . C om pound H, This was isolated from the Sephadex LH -20 chrom atography o f the hexane extract as a m ix ture o f three triterpenes w hich were separated by TLC im pregnated w ith silver n itra te and d en o m i nated H la, H lb and H ,c for the purposes o f this study. The IR spectrum o f all three substances show ed an ab so rp tio n b an d at vmax 1700 cm "1 characteristic o f a carbonyl group. M S show ed the m olecular ion at m /z 424, in acco rd an ce w ith the m olecular form ula C 30H 48O.
T riterpene H la
Only a small q u an tity w as o b tain ed . Study o f the MS indicated a A 12-u n sa tu ra te d pentacyclic tri terpene w ith a base peak at m /z 218 typical o f retro-D iels A lder frag m en tatio n [8] , T he 'H N M R spectrum is very sim ilar to th a t o f a-am y rin (2) dif fering in th a t here the hydroxyl on C-3 is replaced by a carbonyl g roup as can be seen clearly in the IR spectrum . Substance H la is assum ed to be a-am yrenone (1) [9] isolated from the first tim e from a lichen.
T riterpene H ]b
Isolated as a solid, m .p. 2 4 0 -2 4 2 °C. T his su b stance was identified from its spectral d a ta (IR , 'H N M R and M S) as tarax ero n e (3) [10] . This sam e substance was isolated by B ohlm ann et al. [13] show s th a t it is an exact m atch w ith an arb o ran eskeleton triterpene w ith a double bond at A9 (11) . Both the physical and spectral d a ta coincide w ith those for iso-arborinol (7 a) [14] w hich is here re ported for the first tim e from a lichen. It is n one theless surprising to find triterpenes form ed by two different biogenetic routes in the sam e lichen. [7] .
Substance B, was identified as ß-sitosterol [15] . m ental) proving to be an oily substance which, when treated w ith ferric chloride, turned greenishyellow. The IR spectrum exhibited ab so rp tio n bands due to a chelated hydroxy gro u p (3350 cm " '), a carbonyl group (1650 cm -1) and an arom atic ring (1610, 1550 cm " 1). In the M S spectrum the m olecular ion at m /z 266 [M ]+ agreed w ith a m o lecular form ula o f C I5H 220 4. T he IR , 'H N M R and MS spectra were in perfect accordance with those given for ethyl-2-hydroxy-4-m ethoxy-6-pentylbenzoate (10) isolated earlier by Solberg et al. from Icm adophila ericetorum [16] . E thanol was used in the earlier extraction process although the possibility o f 10 being an extraction artifact was n ot taken into account. T he p ro d u ct now iso lated, how ever, never cam e into contact with ethanol.
Substance H 5
This com pound w as o b tained in abundance from the hexane and benzene extracts as a crystal line yellow substance, m .p. 1 9 5 -1 9 7 °C. Its physi cal and spectroscopic properties coincided w ith those o f (-)-u s n ic acid (9) 
Substance C l2
This was also isolated from the chloroform ex tract, as a brow n oil, C n H 180 2, tu rn in g yellow when treated with sulphuric acid. Its IR spectrum revealed ab sorption bands at vmax 3300 cm -1 (hy droxyl), 3 [19] , O ccasionally they have been regarded as artifacts o f the depsides found in the sam e lichens, p artially hydrolyzed during the extractio n process; an d elsewhere, as n atu ral p ro d ucts. In this instance, perlatolic acid (15) could well be the origin o f the phenolic com pounds iso lated an d it rem ains to be seen if they are evolved w ithin the lichen as the result o f action by the hy drolase and decarboxylase enzym es there present, or d u rin g extraction. To clarify this point, the ace tone ex tract was ch ro m ato g rap h ed directly on Sephadex LH -20 an d perlatolic acid (15) was o b tained -this substance was n o t found in the pre vious study -plus the m ono-aryl com pounds B3 and B4. Perlatolic acid was refluxed w ith silica gel in benzene for 4 h and gave the m ono-aryl com p ou n d s B2, B3, Cl, an d Cl2. This bore out the thesis th a t the p ro d u cts obtained in the first study could be the result o f chem ical deg rad atio n o f perlatolic acid due to its great lability [20, 21] .
Experimental
M elting points were obtained on a K ofler a p p a ratu s and are uncorrected. IR spectra were taken on a Perkin-E lm er m odel 257 spectrophotom eter. 'H N M R spectra were taken at 200 M H z and MS were obtain ed using a direct inlet system at 70 eV. 
Isolation o f Compounds
T he lichen m aterial once dried was ground to give 684 g o f a fine pow der w hich was m acerated w ith acetone. T he acetone extract was co n cen trat ed at reduced pressure to give 184 g o f a syrupy liq uid. This was im pregnated w ith silica gel and ex tracted in a Soxhlet w ith hexane, benzene and chloroform giving a hexane extract (900 mg), a benzene ex tract (4. 
